Abstract: Electric discharge machining (EDM) is a non-traditional machining process; it is a well established machining option in many manufacturing industries throughout the world. There are no physical cutting forces between the tool and work piece while removing the material, it only uses thermal energy to machine electrically conductive parts regardless of hardness has been its distinctive advantage in the manufacturing industries. Inconel 718 is one of the alloy that have relatively poor machinability, due to its work hardening nature, retention of high strength at high temperature and low thermal conductivity. This paper presents the results of experimental work carried out in electrical discharge machining of Inconel 718 using two different tool materials namely copper and brass. The outline of this work is to optimize the process parameters like current, voltage and pulse on time for maximum material removal rate and minimum tool wear rate. The response surface analysis is used for the data analysis while RSM's D-optimal method is used to solve the multi response optimization. It is observed that copper electrode perform better than brass for the tested work material.
Introduction
The recent developments in the field of EDM have progressed due growing application of EDM process, it is used to do the machining of new materials that are hard and difficult to machine, such as tool steels, super alloys, heat resistant steels etc. used in aerospace, aeronautics and nuclear industries. These materials also find applications in other industries because of their high strength to weight ratio, hardness and heat resisting qualities [1] [2] [3] . In EDM material is removed from the conductive material through the action of an electrical discharge of short duration and high current density between tool and workpiece. The material is removed from the workpiece through the action of erosion. The main disadvantages of electrical discharge machining are, it is time consuming and higher cost. So researchers focus their attention to reduce the cost [1] . Inconel 718 is a precipitation-hardened nickel-chromium alloy, so it is important to improve the process capabilities of EDM for machining of Inconel 718 and fix the appropriate range of selected variables for machining. In this work material removal rate and tool wear rate are considered for the performanance of EDM. Experiments were carried out with copper and brass electrodes of diameter 10 mm, and analyzed for their adaptability to this material [2] . The main purpose of this work is to compare the machinability of copper and brass electrode and find out the most suitable electrode for machining of Inconel 718. Machining parameters optimization has been carried out through response surface methodology, utilizing the relevant experimental data and optimum values of input parameters were found using RSM's D-optimal method. The adequacy of developed mathematical model has also been tested by analysis of variance test.
Experimental Method and Procedure
All the experiments where performed on die sinking 'ZNC-50 ELECTRONICA EDM' machine. The EZNC has the provisions of programming in the Z-vertical axis control and manually operating X and Y axes. For the experimentation purpose "RUST LICK-30" oil having dielectric strength 45 kW was used as a dielectric medium. A jet flushing system is used in order to assure the adequate flushing of debris from the gap zone was employed. Two electrodes, copper and brass of diameter 10 mm were used for the machining. 18.7×10 -6
Methodology
Design of Experiment (DOE) is an efficient experiment planning process that allows the data obtained to be analyzed, valid conclusions to be drawn and objectives to be set. There are two aspects of any experimental problem, the design of experiment and statistical analysis. Experimental design involves planning experiments to obtain the maximum amount of information from available resources. DOE is used to determine the appropriate number of tests and the experimental conditions necessary to obtain the desired goal to analyze which factor of the process influences the response variables. The most common design consists of running the test with all the possible combinations of variables at predetermined levels. A well-planned design of experiment can substantially reduce the number of experiments and for this reason a small CCD with three levels was selected to develop the model. In present work, experiments were designed on the basis of experimental design technique using response surface design method. The main idea of RSM is to use a set of designed experiments to obtain an optimal response. The Minitab 16 software was used to analyze the data.
Results and Discussion
Analysis of variance technique (ANOVA) is carried with Minitab 16. Value of P is used to determine whether a factor is significant; typically compare against an alpha value of 0.05. If the p-value is lower than 0.05, then the factor is significant. From the ANOVA table 4 and table 5 it is conclude that the current and pulse on time are most significant while voltage is less significant for MMR and TWR for both the electrodes respectively.
Effect of Current (C) on MRR and TWR
The current depends on the different power levels that can be supplied by EDM machine generator. It represents maximum value of the discharge current intensity. Figure 1 (a) shows the effect of current on MRR. From figure it is observed that copper and brass electrodes achieve the best MRR with the increase in discharge current.
As compare to copper, brass gives the less MRR at low and high setting of input parameters, but the material removal rate at the middle setting of input parameters is same for both the electrodes. Figure 1 (b) shows the effect of current on TWR. Copper and brass shows a considerably increase in TWR with increase in current. As compare to copper, electrode wear rate is more in brass. After machining it is found that the electrodes are coated with thin layers of carbon. 
Effect of Voltage (V) on MRR and TWR
Voltage is the value of electric tension applied between the part to be machined and electrode just before the discharged is produced. Figure 2 (a) shows that value of MRR is highest at the low setting of input voltage and it is decrease as increase in voltage for copper and brass electrode. Investigation shows that the copper gives more MRR than brass. Figure 2 (b) shows the effect of voltage on TWR. It is found the voltage have considerable effect on TWR, as the voltage increases the tool wear rate also increases for copper electrode. But for brass electrode TWR shows negligible decrease, the specific reason of this decrease in TWR is not found.
Effect of Pulse on time (Ton) on MRR and TWR
Pulse on time is the duration of time (in µs) that the current is allow to flow per cycle. It can be noticed that an increase of pulse on time causes the increases in the MRR and TWR for both the electrode as shown in figure 3  (a) and (b) . The increase in pulse on time means applying the same heating flux for a longer time. This will cause an increase of heat that is conducted into the workpiece, therefore MRR and TWR increases with increase in pulse on time. The investigation found that copper electrode gives more MRR than brass electrode, so copper electrode is best for MRR. In case of tool wear rate as the pulse on time increases, the TWR also increases for both the electrodes, but it is found that wear is more in case of brass as compare to copper electrode.
Optimization
The figure 4 (a) and (b) shows that the optimizations plot for material removal rate and tool wear rate for copper and brass electrode respectively. The ultimate objective of our work was to maximize the MRR and minimize the TWR. The desirability approach was used for finding out the optimum values of material removal rate and tool wear rate. After investigation it is found that the optimum values of current, voltage and pulse on time are 
Confirmation Experiments
The purpose of the confirmation experiment is to validate the conclusions drawn during the analysis phase. After determining the optimum levels, new experiments are designed and conducted with optimum levels of the machining parameters. The following results were found as shown in table 6. 
Conclusion
After analyzing the results of the experiments on Inconel 718 with copper and brass electrode the following conclusions are arrived: Current is most affecting parameter followed by pulse on time for both MRR and TWR. Material removal rate and tool wear rate increases as the current and pulse on time increases. While material removal rate decreases for both the electrodes as increase in voltage and tool wear rate decreases for brass and increases for copper as the voltage increases. Copper electrode offers comparatively low electrode wear while brass wears the most for the tested work material. It is observed that copper electrode perform better than brass for the tested work material. The machining performanance at the predicted process parameters was compared with the actual machining performanance and good agreement was obtained between these performanance.
